Rice is an important Asian commodity, a region with diverse production systems and consumption patterns. With an increasing population leading to an increase in demand, the main drivers which determine rice production need to be identified. The study thus attempts to identify and assess the key drivers of rice production and the future prospects in major rice producing countries within the region using simple and stepwise multiple linear regression. In most of the countries, rice production was found to be determined by indicators such as yield, country consumption and country population, each accounting for about 90 percent of variation in rice production. Among the mentioned indicators, country population should be given the most weight to as majority of rice is consumed by humans, thus validating the need to address the necessity to enhance rice production that commensurate with an increasing population.
INTRODUCTION
Rice is one of the most important crops within Asia, grown by almost two billion people and consumed by more than four (FAO, 2016) . Asian countries produce 89 percent of world's rice, with China and India alone accounting for 55 percent of the production. Rice, however, is not equally consumed throughout the region, with more urbanized nations such as Japan experiencing per capita consumption of 65 kg, four times less than overpopulated Bangladesh (258 kg). Continentwide consumption has been on the rise since the early sixties, from 95 kg per capita in 1961 to 107 kg in 2013 (Ibid.). Even though the region has been net rice exporter since 1978, increased yield and area under rice may not be sufficient to match continent's growing appetite, especially considering projected population of 5.3 billion by 2050 (Tab. I) and recently declining yield growth (Li et al., 2016) .
Rice is presently grown on 144 million hectares throughout the continent (Tab. II), with China and India dominating with over half of the total area harvested (FAO, 2016) . While the area under rice has increased by 35 percent since the 1960s, it is the yield improvement of 143 percent which allowed production to overtake population growth. Progress is particularly pronounced in China where yield has increased by 230 percent, whereas other countries have raised their rice production mostly through area expansion. Consequently, rural population has grown comparatively slower in China than in other Asian countries.
Further land increase, however, is limited by soil salinity, water scarcity and environmental issues caused by extensive farming. Yield and productivity increases through new technologies and production systems are therefore the only viable options (FAO, 2000) . Potentially even more limiting will be the effects of climate change. International Food Policy Research Institute predicts a 12 -14 percent decline in rice production by 2050 compared to 2000 level, with South Asia being most affected (IFPRI, 2015; Maitah et al., 2016) . The consequences of such a scenario would lead to higher food prices, malnutrition and even social disruptions throughout the continent.
China and India as countries most exposed to these stresses ( Fig. 1 ) will have to lead in technological innovation, develop varieties resistant to extreme weather and promote more efficient management practices such as alternate land wetting and drying methods, land levelling, direct seeding, etc. Moreover, because of crop's strategic and political importance, Asian governments will likely have to intensify their policy measures, including subsidized inputs and guarantied prices. These measures will become even more important as population grows and the shift away from agriculture and towards more urbanized areas intensifies.
Considering the specificities of each country's rice production systems, this study makes use of eight relevant indicators with the aim of uncovering the main drivers of rice production across Asia. The study makes use of simple and later on stepwise multiple linear regression to identify key determinants of rice production within eight countries, representing 91 percent of continent's rice production. The study acknowledges a number of limitations, including (1) lack of data for certain countries and years; (2) inability to account for all drivers, such as government agricultural expenditures, credit to agriculture, development flows to agriculture, foreign direct investments and weather conditions as a key short-term driver; (4) reliability of linear regression and its output; and (5) inclusion of only the most important statistical parameters (N, Pearson correlation, Adjusted R square, ANOVA F, Beta, and 95.0 % confidence interval for Beta), leaving out the significance levels, histograms and scatter plots.
MATERIALS AND METHODS
Based on a list of 48 Asian UN member-states, six non-UN countries and six dependent territories (UN, 2016) , the study takes into account China, India, Indonesia, Bangladesh, Viet Nam, Thailand, Philippines and Myanmar as Asia's largest rice producers. The study does not take into consideration remaining countries as aforementioned eight account for roughly 91 percent of region's total rice production. Secondary data from FAO database covering the period between 1961 and 2014 is used in the study. 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 The analyses relies on nine indicators selected out of approximately 25 plausible measures available through FAO database, on the basis of data availability and reviewed literature on rice production systems within the region (Tab. III). Shortlisted indicators were tested using simple linear regression and significant predictors and their correlation with the response variable revealed, resulting in eight currently used indicators.
Only statistically significant variables (at .05 level) with Adjusted R square of at least 20 percent were reported, along with their Pearson correlation, ANOVA and Beta significance values. Pearson correlation represents linear correlation between two variables, generating values between +1 to −1 inclusive, where 1 signifies positive correlation, 0 implies no correlation, and −1 suggests negative correlation (Stigler, 1989) . Similarly, ANOVA is a statistical procedure used to test the degree to which two or more groups vary or differ in an experiment (Rutherford, 2001) . In most experiments, a great deal of variance (higher ANOVA F) usually indicates that there is a significant finding from the research. Beta coefficients, also known as standardized regression coefficients, are used to compare the relative strength of various independent variables within the model, and are considered the most useful output of the analysis.
Simple linear regression results are laid down first, covering each predictor variable for each of the eight rice producing countries. In the general regression equation (1), y is the response variable, x is the explanatory variable, β1 the intercept, β0 is the slope and ui is the residual (random error component) that is being minimized. The aforementioned Betas are called regression coefficients and the slope β0 can be interpreted as the change in the mean value of for a unit change in x.
Aforementioned indicators were then used in a stepwise multiple regression analysis, a semi-automated process of creating a model by successively adding or removing variables, based only on t-statistics of their estimated coefficients. The aim of the analysis was to include as few variables as possible because each unnecessary regressor decreases the precision of the estimated coefficients and predicted values (NCSS, 2015) . Multiple regression equation comes in a similar form as simple regression (2), where y is the value of dependent variable, x1, x2, x3, …, xk are independent variables, β0 is the slope, β1, β2, β3, …, βk are regression coefficients analogous to the slope in linear regression equation, while ui is the residual and assumed to be zero (CSU, 2015) :
For multiple linear regression, Durbin-Watson statistic and VIF (Variance Inflation Factor) outputs are included as well to assure that regression assumptions are followed. Durbin-Watson statistic is used to reveal the presence of autocorrelation (relationship between values separated from each other by a given time lag) in the residuals (prediction errors) from a regression analysis (Chatterjee and Simonoff, 2013) . The statistic ranges from 0 to 4, where 2 signifies no autocorrelation, values approaching 0 indicate positive autocorrelation, and values leaning towards 4 indicating negative autocorrelation. VIF, on the other hand, is a multicollinearity check, where a value greater than 10 suggests the presence of multicollinearity and requires further investigation (Berry and Feldman, 1985) .
RESULTS AND DISCUSSION
The findings suggest a significant relationship among variables from both statistical and economic point of view. Simple linear regression revealed that yield, country consumption and country population are China is Asia's largest rice producer, accounting for 31 percent of continent's 2014 harvest. The study revealed almost perfect correlation and predictive power for three independent variables, namely yield, country consumption and country population, with remaining predictors explaining around 60 percent of variation in rice production (Tab. IV). Considering country's average yield of 6.7 tonnes per hectare and 30.6 million hectares under rice, predicted rise of 2,845 tonnes with every 1 kg increase in yield per hectare seems realistic enough. The same is valid for country consumption indicator which predicts slightly less than 1.2 kg increase in production for every 1 kg increase in country consumption. Country population's predicted increase of 178 kg with every additional person, however, is a bit farfetched compared to country's current per capita production of 151 kg. The inaccuracy of prediction can be attributed to relatively small sample size and drastic increase in per capita production during 1960s.
III: Variables used to perform regression analyses
Arable land with its lower predictive power due to competitive land use suggests almost three-tonne increase in production with every additional hectare of land, whereas country GDP, which translates to increased purchasing power, assumes growth of 6.8 tonnes with every $1 million increase in country's GDP. The uncertainty of predictive power of these two indicators may be seen in their relatively wide confidence intervals for Betas, implying limited knowledge about the variable effect (Belia et al., 2005) . Lastly, country import assumes a 42 kg increase in production with each additional imported tonne of rice, a rather mild response.
India is well on the way to overtake China as the world's most populous nation (as early as 2022). It is region's second largest rice producer with 24 percent stake in production during 2014 harvest. Much like for China, it is the three distinguished indicators which explain rice production the best (yield, country consumption and country population) (Tab. V). Predicted increase of 4,953 tonnes with every 1 kg growth in yield is slightly above current figures. Similarly, country population shows moderately inflated prediction but still along historical trends, whereas country consumption output mimics that of China.
Country export indicator forecasts a dubious ten-tonne increase in rice production with every 1 tonne growth in exports. The prediction, however, may not be farfetched after all considering that India is the single largest rice exporter in the world, even though its pricing is rather non-competitive (Issar and Varma, 2016 production due to imports. Lastly, country GDP indicator shows a much stronger response to increase in GDP compared to China, with predicted 46.6 tonnes rise with every $1 million growth in GDP. This roughly means that every 1 percent increase in GDP (2014) would lead to 0.52 percent growth in rice production. Indonesia is the only country within the group with country population indicator having the highest predictive power, even though predicted 356 kg increase with every additional person is drastically above the present 278 kg (Tab. VI). Again, as in case of China, the discrepancy can be explained with a two-fold increase in per capita rice production over the past half a century. Connected with it is country consumption and its optimistic 0.47 percent rise in production with every 1 percent increase in consumption. Similar trend of higher-than-expected Betas is shown for yield (1,573 tonnes predicted vs. 1,380 tonnes in reality) and arable land indicators as well (6,213 kg vs. 5,135 kg). Lastly, country GDP, as in case of India, shows a rise in rice production of 53 tonnes with every $1 million increase in GDP. The inflated predictions can be attributed to the largest rice production growth amongst the observed countries (486 %), making the regression output slightly skewed.
Bangladesh is by far the most densely populated country within the group. With 11.82 million hectares of arable land, predicted increase in production of 1,228 tonnes with every 1 kg rise in yield per hectare seems correct (Tab. VII). As for country consumption and county population indicators, patterns similar to those of China and India are applicable to Bangladesh as well. Country GDP, however, shows significantly higher increase in rice production with growth in GDP compared to other countries, which may be attributed to population pressure that prevents country from replacing cereals with more protein-rich foods as it grows.
Particularly interesting is arable land indicator which predicts a decrease in production should more arable land be available. The phenomenon reveals a dangerous trend of decreasing arable land within the country although it also indicates rising yields to compensate for it. The negative correlation is therefore country-specific and result of shrinking land due to flooding, land erosion and lately, climate change. Viet Nam is Asia's fifth largest rice producer, with over 6 percent stake in 2014 rice harvest. Yield seems to be the best predictor, suggesting 924 tonne increase in rice production with every 1 kg improvement in yield (Tab. VIII). Country consumption shows drastically higher prediction compared to other countries, with 2.7 tonnes increase with every 1 tonne rise in consumption. Viet Nam, however, is one of the countries with the highest proportions of exports to production, next to Thailand, which could explain the skewed results of abovementioned indicator. Country GDP prediction, on the other hand, is much within the range of that of Bangladesh. Country export and country import show similar predictions as in case of India, although to a lesser extent. What seems to be out of range though is country population indicator with its predicted increase of 622 kg with every additional person (currently 487 kg), attributable to a jump in production during the 1990s.
VI: Simple linear regression output for Indonesia
Thailand, Myanmar and Philippines, as the group's smallest rice producers, account for just over 13 percent of continent's total production (Tabs. IX, X, XI). Yield comes on top as the strongest predictor for both Thailand and Myanmar, although the estimate is higher for Thailand due to larger area under rice (60 %). Philippines follows a similar pattern, however, the prediction is roughly half of Myanmar's, again due to smaller area harvested. Country population indicator shows similarly high predictions, with Thailand exporting good porting of its production and Myanmar mainly using the produce for domestic consumption, as are Philippines. The skewness in forecasted values for Myanmar also comes from drastic swings in production ranging from just under 450 kg per capita in 2000 to almost 640 in 2008 and then down again to 500 in 2013. Country consumption indicator is flawed in a similar way for Myanmar but not for Thailand and Philippines.
Country GDP offers predictions for Thailand and Philippines similar to those of larger countries, such as China and India. Myanmar, on the other hand, shows the same pattern of high increase in rice production with higher GDP as other comparatively smaller rice producing nations, such as Viet Nam and Bangladesh. Lastly, arable land indicator shows similar low predictive power as in case of China. It should be noted that variation between the countries is only partially consistent with the differences in yield, the other reason being the differences in the overall production growth between 1961 and 2014 (385 % in Philippines versus 321 % in Thailand).
Stepwise multiple regression analysis (Tab. XII) shows that for five out of eight countries, yield was the single most important indicator, explaining well above 90 percent of variation in the response variable. The model included country consumption and area harvested for the remaining three countries, with high predictive power as well. Predicted increases in rice production for each of the independent variables remain more or less unchanged compared to simple linear regression output.
It remains true, however, that population is the sole driver of rice production, which is reflected through rice consumption, and thus on area under rice. It is interesting to note that not a single country had country population indicator as the best predictor, with exception if Indonesia. A possible explanation lies within population dynamics and dynamics of country consumption, area harvested and yield. Whereas population grows in a relatively slow and predictive way, the later categories have higher standard deviations. The average intra-year growth difference for population of China, for instance, is −0.02 %, whereas the same figure for yield is −0.27 %. This means that yield, area harvested and country consumption (in that order) better reflect rice production as they fluctuate along with it and are causing it. As such, they come on top as better predictors, even though the true driver remains hidden (country population).
The future prospects of rice production in Asia are function of how well the concerned countries manage their growing populations and whether they assure sufficient arable land is available to future generations (Fig. 2) . Moreover, the future of rice is dependent on how well Asian continent adapts to climate change and whether modern technologies succeed in phasing out traditional and inefficient growing methods. The greatest threat to food security and self sufficiency in rice, however, remains the population growth and more recently, population aging. As population continues to develop and demand for rice grows, Asian countries may face significant rice and overall food shortages. In India, the area of arable land per capita has decreased from around 3,800 m 2 in 1960s to just below 1,500 m 2 today. The situation is even graver in neighbouring Bangladesh, with less than 600 m 2 of agricultural land available per capita. Fig. 3 shows the demand for rice contrasted with the availability of arable land on Asian continent.
Following the trend of the past 20 years, the region would have to increase production by roughly 39 % in order to keep up with projected consumption of 638 million tonnes by 2050. With limited room for increasing land, productivity and innovative management techniques will have to drive the growth. Asian countries therefore need to be committed to a long-term investmentintensive optimization of their rice production, better population management and phasing out of inefficient growing techniques amongst rural poor. Such measures would not only make the nations food secure in rice but would also create prerequisite environment for departure away from carbohydrate-rich foods and towards protein-rich diets. 
CONCLUSION
The study revealed that for most countries, rice production is determined by yield and country consumption, each of which generally explain around 90 % of variation in rice production. Remaining independent variables showed promising predictive power, particularly the country population as a long-term driver. This is due to the fact that all rice is used for human consumption and is consumed within the region, making variables such as area harvested and country consumption a proxy variables. The future of rice production is therefore closely tied to population growth in spite of declining per capita consumption in a number of Asian countries. Aside from population growth, climate change is another challenge requiring attention, whether it be new high yielding varieties resistant to flooding and drought, alternate land wetting and drying methods, or more responsible use of fertilizers and pesticides. In any case, rice demand is bound to continue its upward trend and Asian continent therefore needs to prepare itself for future shock and self-sufficiency in the decades to come.
